Introduction
Lung cancer is the most common cause of death in oncology patients worldwide (1) . Cisplatin-based chemotherapy is the gold standard for treatment in lung cancer patients with locally advanced or metastatic disease (2) . Completion of all planned chemotherapy cycles is essential to give patients the maximum chance of treatment success (2, 3) . Chemotherapy-induced nausea and vomiting (CINV) are among the most distressing symptoms reported by lung cancer patients treated with cisplatin-based chemotherapy (2, 3) . According to the most recent international guidelines (4, 5) , cisplatin-based (at dose of ‡ 50 mg ⁄ m 2 ) regimens are considered to be highly emetogenic forms of chemotherapy (HEC), with more than a 90% risk of inducing CINV (6) .
The introduction of first generation 5-HT3 receptor antagonists (RAs), ondansetron, granisetron, dolasetron and tropisetron, into routine oncology practice was a major advance in CINV control, and along with other supportive care led to a major shift in oncology care in the ambulatory setting (7) . The second generation 5-HT3-RAs, palonosetron (8) (9) (10) (11) (12) , the first NK1-RA, aprepitant (13) (14) (15) and the use of dexamethasone (16, 17) have been shown to further enhance the efficacy of antiemetic prophylaxis. Antiemetic guidelines suggest using a combination of NK1-RA (3 days), 5-HT3-RA (day 1) and dexamethasone (3-4 days) to prevent CINV in patients receiving
With repeated courses of chemotherapy, chemotherapy-induced nausea and vomiting (CINV) becomes progressively more difficult to control. The aim of this study was to evaluate whether the antiemetic efficacy of the triple combination aprepitant, palonosetron and dexamethasone could be sustained for up to six cycles of highly emetogenic chemotherapy (HEC) (cisplatin ‡ 50 mg ⁄ m 2 ). Methods: Chemotherapy-naive patients receiving cisplatin-based HEC, were treated with palonosetron 0.25 mg ⁄ i.v., dexamethasone 20 mg ⁄ i.v. and aprepitant 125 mg ⁄ p.o. 1 h before chemotherapy. Aprepitant 80 mg ⁄ p.o. and dexamethasone 4 mg ⁄ p.o. were administered on days 2-3. The primary endpoint was complete response (CR, no vomiting and no use of rescue medication), over 5 days following HEC in up to six cycles. Secondary endpoints were emesis-free and nausea-free rates. Safety was also evaluated. Results: One hundred and fifty six lung cancer patients were included in the study; the median age was 64 years and 76.9% were men. The minimum cisplatin dosage was 75 mg ⁄ m 2 , and in most patients was combined with another drug (87.4%). CR ranged from 74.4% (first cycle) to 82% (sixth cycle). More than 90% and 60% of patients were emesis-free and nausea-free during all chemotherapy cycles. The most commonly reported side effects were constipation and headache. Conclusions: The triple combination of aprepitant, palonosetron and dexamethasone enhanced not only the antiemetic protection during the first cycle, but its efficacy was also sustained for up to six cycles of cisplatin-based HEC in lung cancer patients.
What's known
It is already known that palonosetron and aprepitant are efficacious to prevent nausea and vomiting induced in patients receiving high emetogenic chemotherapy. The efficacy of a triple combination palonosetron, aprepitant and dexamethasone to prevent CINV has been assessed only during one chemotherapy cycle (the first).
What's new
This article is the first investigating the efficacy of a triple combination palonosetron, aprepitant and dexamethasone in an homogeneous population of lung cancer patients receiving high emetogenic chemotherapy over multiple cycle. The CINV control could help patient to complete all planned chemotherapy cycles. Completion of treatment is essential to give lung cancer patients the maximum chance of treatment success. 1 Medical Oncology A, HEC (4, 5) . The efficacy of antiemetic prophylaxis is usually evaluated during the first chemotherapy cycle as it is known that pretreated patients are at a higher risk of emesis and anticipatory vomiting in the following cycles (18) . Few studies have investigated the efficacy of antiemetic prophylaxis in preventing CINV over multiple cycles of high emetogenic chemotherapy (HEC) (19) (20) (21) . No previous trials have been published in lung cancer patients receiving single-day HEC and a triple combination of palonosetron plus aprepitant and dexamethasone as antiemetic prophylaxis. In a previous study (22), we investigated the efficacy of a triple combination of aprepitant, palonosetron and dexamethasone in cancer patients receiving HEC, obtaining high control of CINV during the first chemotherapy cycle.
On the basis of these results, we assessed the efficacy of aprepitant, palonosetron and dexamethasone in preventing CINV over subsequent cycles of cisplatin-based chemotherapy in lung cancer patients.
Materials and methods
From October 2009 until December 2010, a prospective, multicentre observational study was conducted in two oncology departments in Italy.
Chemo-naive adult patients with lung cancer who had an ECOG Performance Status (PS) of 0-2 and were scheduled to receive four-to-six consecutive cisplatin-based chemotherapy cycles were eligible for the study. The cisplatin-based regimen had to contain ‡ 50 mg ⁄ m 2 to be defined as HEC according to the Hesketh classification (23). Main exclusion criteria were: emesis within 24 h before starting chemotherapy; non-controlled metastasis in the brain; previous radiation to the brain, abdomen or pelvis; and any concomitant medication with antiemetic activity or known to induce the cytochrome P450 enzymes (e.g. phenytoin, carbamazepine).
All eligible patients received aprepitant p.o. Patients recorded all vomiting episodes, any use of rescue medication (metoclopramide i.m. 10 mg plus dexamethasone i.m. 4 mg in case of vomiting, or metoclopramide p.o. or i.m. 10 mg in case of nausea) and the severity of nausea according to a fourpoint Likert scale (any, mild, moderate or severe nausea) in a study-specific diary. Patients were asked to report any adverse event over the 5 days (0-120 h) after chemotherapy administration and during all planned cycles. Study endpoints were measured during the overall phase: from the start of chemotherapy to 120 h post administration (0-120 h). Evaluations were repeated during all chemotherapy cycles.
Endpoints
The primary endpoint of the study was the proportion of patients who achieved a complete response (CR, defined as no emetic episodes and no use of rescue therapy) during the overall phase of all planned chemotherapy cycles. Secondary endpoints were complete control (CC, defined as no emesis, no rescue therapy and no more than mild nausea), proportion of patients without emetic episodes and proportion of patients with no nausea. Patients returned the diary to the investigator before the start of a new chemotherapy cycle.
Treatment safety was evaluated during the study and all adverse events were recorded and graded according to the common terminology criteria for adverse events (CTCAE) from the National Cancer Institute, version 4.0. (http://ctep.cancer.gov/forms/ CTCAEv4.pdf).
Statistical analysis
Demographic data and patient characteristics were examined and reported as frequencies and percentages, whereas continuous variables were reported as medians and ranges.
A generalised mixed linear model with an identity link function (non-canonical link function) and binomial probability distribution was used to estimate CR, CC and emesis-free rates with an associated two-tailed 95% CI at each therapeutic cycle. The mixed model was parameterised using a full Toeplitz variance-covariance matrix which can be viewed as an autoregressive structure with order equal to the number of repeated measures. A Toeplitz structure for the variance-covariance matrix should represent a suitable choice to take into account correlation across repeated measures (cycles) and to adjust for the potential bias caused by incomplete profiles (< 6 cycles). Incomplete profiles may occur because of the physician's decision to administer fewer than six cycles or, to a lesser extent, because of drop-out events. Computations were performed using the GLIMMIX procedure in SAS version 9.1 (Aloxi, Helsinn Birex Pharmaceutical Ltd, Ireland).
Results
One hundred and fifty six lung cancer patients were enrolled in the study; most of them were men (76.9%) with stage IV disease (74.3%). Median age was 64 years (range 33-81). All patients were treated with an HEC regimen containing a high cisplatin dose (75-100 mg ⁄ m 2 ). Patient characteristics are listed in Table 1 .
All patients were planned to receive four to six chemotherapy cycles. The majority completed the planned therapeutic scheme (83.6% of patients); 10 patients withdrew from the study because of disease progression (n = 7) or chemotherapy toxicity (n = 3).
The CR, CC and emesis-free rates are reported in Table 2 ; control of CINV was maintained over all chemotherapy cycles as seen in Figure 1 .
The maintenance of CC rates ( Figure 2 ) correlated with optimal control of nausea during all subsequent cycles. Severe nausea was not detected during three to six cycles, and nausea was always completely controlled in more than 60% of patients during all completed chemotherapy cycles. Severity of nausea is listed in Table 3 .
No grade 3-4 adverse events related to the antiemetic prophylaxis drugs were reported during the study. Grade 1 constipation was reported in 7.1% of patients (11 ⁄ 156), and grade 1 headache in 4.5% of cases (7 ⁄ 156).
Discussion
The CINV because of cisplatin-based chemotherapy strongly affects the quality of life of cancer patients, and nausea and vomiting still rank among the most distressing symptoms reported (24, 25) . In lung can- Combination of aprepitant, palonosetron and dexamethasonecer patients, the completion of all planned chemotherapy cycles is essential to give patients the maximum chance of treatment success (2, 3) . A clear need exists to obtain higher antiemetic protection, effective during the entire course of chemotherapy with no reduced efficacy (2) . Cancer patients receiving HEC are at high risk of CINV (> 90% frequency of emesis), and for this reason antiemetic guidelines suggest using a triple combination of NK1-RA, 5-HT3RA and dexamethasone (4, 5) . Antiemetic prophylaxis should start at the first chemotherapy cycle, and in the case of successful protection the antiemetic regimen should be repeated over multiple cycles (4, 5) . A recent trial assessed the efficacy of a triple combination of NK1-RA, 5-HT3RA and dexamethasone as antiemetic prophylaxis in patients receiving cisplatinbased HEC during the first chemotherapy cycle (22) . In this trial, aprepitant was used as the NK1-RA, whereas palonosetron was the 5-HT3 RA of choice because of its higher clinical efficacy compared with first generation 5-HT3RAs. On the basis of the results of that trial, we investigated the efficacy of a triple combination of aprepitant, palonosetron and dexamethasone over multiple cycles of cisplatin-based HEC. Few studies have investigated the efficacy of a triple combination in this setting (20, 21) . De Wit and colleagues reported that the antiemetic efficacy with a first generation 5-HT3 RA was not maintained over repeated highly emetogenic chemotherapy cycles (20) . Patients treated with HEC (cisplatin ‡ 70 mg ⁄ m 2 ) received granisetron as antiemetic prophylaxis (3 mg the day of chemotherapy and 1 mg ⁄ bid from days 2 to 7) plus dexamethasone (10 mg the day of chemotherapy and 8 mg ⁄ bid from days 2 to 7) (20) , and only the addition of aprepitant to ondansetron has been reported to enhance control of CINV in this population (21) . In the second trial, De Wit and colleagues randomised patients into two different antiemetic regimens: group A received aprepitant (125 mg on day 1 and 80 mg on days 2 and 3) plus ondansetron (32 mg on day 1) and dexamethasone (20 mg day 1 and 8 mg from days 2 to 5); whereas group B received placebo instead of aprepitant plus ondansetron (32 mg on day 1) and dexamethasone (20 mg on day 1 and 8 mg from days 2 to 5). The CR rates were, respectively, 64% (group A) and 49% (group B) during the first cycle of chemotherapy, and 59% (group A) and 34% (group B) during the sixth cycle. Compared with the antiemetic prophylaxis in group B, patients who received the aprepitant regimen had better and more sustained protection against CINV over multiple cycles (21) .
In our trial, we assessed the efficacy of aprepitant, dexamethasone and palonosetron in 156 lung cancer patients receiving single-day HEC (cisplatin ‡ 70 mg ⁄ m 2 ) over multiple cycles of chemotherapy. The results confirmed that the high efficacy obtained during the first chemotherapy cycle is maintained over the subsequent cycles. The combination of aprepitant plus palonosetron and dexamethasone as antiemetic prophylaxis obtained a CR rate of 74% and 82% during the first and the last chemotherapy cycles respectively.
In our study, most of the lung cancer patients had stage IV disease, and especially for these patients, the completion of all planned courses of chemotherapy is crucial to achieve a treatment response, such as Figure 2 Complete control rate with 95% CI. Complete control is defined as no emesis, no use of rescue medication and no more than mild nausea experience Table 3 Percentage of patients experiencing nausea. Severity of nausea was reported using a four-point Likert scale: no nausea (nausea-free), mild, moderate and severe nausea prolonging the time to progression or palliation of symptoms. Control of CINV could contribute to the completion of planned treatment, limiting the detrimental effects of nausea and vomiting and providing an acceptable quality of life. In conclusion, we observed a high proportion of patients who completed all planned cycles (83.6%), which was likely because of optimal control of CINV (CR rates ranged from 74% to 82%). The antiemetic prophylaxis of aprepitant plus palonosetron and dexamethasone enhanced not only single-cycle antiemetic protection but it is also maintained over multiple cycles.
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